Left (L) renal perfusion with an aminonucleoside of puromycin (PA), was used to produce unilateral proteinuria in 15 rats to examine the mechanisms responsible for renal salt retention in the nephrotic syndrome. Thirteen control rats underwent L renal perfusion with isotonic saline. Animals were studied 8 (group I) or 13 (group 11) days after perfusion. Renal perfusion with saline per se did not change the glomerular filtration rate, renal plasma flow, or absolute and fractional excretion of sodium (Na) from the perfused kidney. PA animals showed a significant decrease in glomerular filtration rate from the perfused kidney and a proportional decrease in the absolute excretion of Na from the PA perfused kidney as compared to the right kidney. The fractional excretion of Na was equivalent in the L and R kidneys of the PA animals. The mean absolute Na excretion from the nonproteinuric R kidney of PA rats was almost twice that of the R kidney of the controls. The increased Na excretion by the nonproteinuric kidney of the PA animals compensated for the sodium retention by the proteinuric kidney.
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Speculation
In rats with unilateral proteinuria, unilateral sodium retention occurs due to mechanisms intrinsic to the proteinuric kidney. Systemic natriuretic factors may compensate for the unilateral sodium retention when contralateral kidney is nonproteinuric. When both kidneys are proteinuric, systemic counterbalancing events may not be operative and net sodium retention may result.
The genesis of salt and water retention in the human and experimental nephrotic syndrome appears to involve a complex interaction of multiple factors (9. 13). In the pathogenesis of the salt retention in the nephrotic syndrome, a ceniral r z e is generally assigned to the albumin deficit and fall in the plasma oncotic pressure which may tend to reduce the effective plasma volume, cardiac output, and blood pressure. The resultant baroreceptor stimulation and activation of the sympathetic nervous system, fall in the glomerular plasma flow and glomerular filtration rate (GFR), rise in renin-angiotensin-aldosterone and antidiuretic hormone, and potential decline in the natriuretic humoral factors all tend to encourage renal retention of sodium and water, most likely through enhancement of tubular reabsorption in the distal tubule and the collecting duct segments of the nephron (9, 13, 15. 19.20) .
In the human nephrotic syndrome and the experimental models of the nephrotic syndrome, both kidneys are affected by the disease process. It thus becomes difficult to ascertain the relative role of systemic as opposed to intrarenal factors in the alteration of sodium homeostasis. Hoyer et al. (I I) have described the technique of producing unilateral proteinuria in rats by selectively perfusing the left renal artery with an aminonucleoside of puromycin (PA). This chemical appears to cause proteinuria by direct renal effect (12. 25) . Several studies have examined the morphologic changes in the kidney and alterations of glomerular function after acute parenteral administration of PA (2, 5. 7. 14. 21).
The present study was designed to examine the function of a proteinuric and a normal kidney in the same milieu to evaluate the mechanisms responsible for renal salt retention. The rat model of Hoyer et al. (I I) was used because the morphologic changes observed in the PA perfused kidney in these rats are minimal, and the contralateral kidney shows no morphologic abnormalities. GFR, renal plasma flow (RPF), filtration fraction, absolute and fractional sodium, and potassium excretion and urinary albumin excretion were determined in each kidney I or 2 wk after the perfusion.
MATERIALS AND METHODS
Male Sprague-Dawley albino rats weighing 175 to 250 g were used. The left renal artery of 15 rats (PA group) was selectively perfused with 60 mg/kg body weight of aminonucleoside of puromycin, 6-dimethyl amino-9-(3'-amino-3-deoxy)-PD-ribofuranosy1)purine. Thirteen rats underwent left renal perfusion with isotonic saline (control group).
LEFT RENAL PERFUSION
The technique of unilateral renal perfusion described by Hoyer et al. was used. Rats were anesthesized with ether, and the abdominal cavity was exposed through a midline incision. The vessels of the left kidney were isolated from the systemic circulation, and a Lee micro vascular clamp was applied on the aorta. Normal saline or saline solution containing PA in a concentration of 10 mg/ml(1.5 ml) was injected in the left renal artery over a 15 to 20 sec period. Seven min later, the kidney was reperfused with 4 ml of saline, and the holes in the aorta and renal vein were repaired. The emuent from the renal vein was absorbed by 4 x 4 cotton gauze sponges to avoid systemic exposure to the solution used. The renal vascular clamp was removed after a left renal ischemia time of exactly 15 min. The abdomen was closed in two layers.
The animals were placed in individual balance cages. Their weight. urinary output, urinary protein excretion, and urinary sodium and potassium excretion was monitored in the 24 hr before the left renal perfusion and in the 24 hr before the final renal function study. The data of the urinary protein and electrolyte excretion represent this 24-hr period ih ihe unanesthetized ;at (Tables 1 and 3 ). One group of rats both control (nine rats) and PA (10 rats) were studied 8 days after perfusion (group I), whereas a second group (group 11) was studied 13 days after perfusion with saline (four rats) or PA (five rats).
RENAL FUNCTION STUDY
Renal function was studied in the antidiuretic and diuretic state. Anesthesia was induced by intraperitoneal injection of 80 to 100 mg/kg body weight of Inactin (Promonta. Hamburg, West Ger-many). Left and right external jugular veins and trachea were cannulated. The ureters were cannulated with PE no. 10 tubing, and urine from each kidney was collected under mineral oil. Normal saline (1% of body weight) was injected intravenously over 10 rnin to replace surgical fluid losses. This was followed by infusion of normal saline at a rate of 0.04 ml/min. This fluid contained 14C-labeled inulin and p-aminohippurate (PAH) in sufficient quantities to deliver 30 pCi [I4C]inulin per hr and to maintain a plasma level of PAH of 3 to 5 mg/dl. At least 30 min were allowed for equilibration in the extracellular fluid before beginning the urine collection. Three serial clearance periods of 30 to 60 rnin were obtained. Mannitol (0.25 g/kg body weight) was then administered intravenously as a bolus, and mannitol (0.25 g/kg) was continued as an infusion over the next 60 min. Three further clearance periods were obtained. Blood samples (approximately 100 p1) were taken from the warmed tail vein during the course of the urine collection periods. Blood was obtained from each renal vein and the heart at the completion of the experiment for calculation of the extraction of PAH.
GFR was estimated with [L4C]inulin carboxylic acid analyzed in a Packard Tri-carb liquid scintillation counter. p-Aminohippurate was analyzed colorirnetrically by a microadaptation of the method of Bratten and Marshall, as modified by Smith (10) . RPF was calculated from the PAH clearance and PAH extraction ("PAH + E~~~) .
Filtration fraction was calculated by dividing GFR by RPF. Total protein in the serum was determined by a modification of the method of Lowry et al. (17) . Serum albumin and quantitative urinary albumin excretion were measured by single radial immunodiffusion using monospecific rabbit antisera to rat albumin (18) . Urine and serum sodium and potassium were estimated by flame photometry in an autoanalyser.
Paired t tests were used to test the null hypothesis that in both control and PA perfused rats there was no difference between left and right kidney function. The significance of the effect of PA administration over and above that of the effect of perfusion was determined by contrasting mean differences in kidney function (left-right kidney) in the PA and control groups. P values were compyted fcom the t value dyived from the formula bcDpA/Sfi, -DPA where D, and DPA are mean differences in left and right kjdney function in the control and PA groups, respectively, and Ss, -DPA is estimate of standard error of the contrast between mean differences in the PA and control groups. The 0.05 level of probability two tailed) was used as the criteria of significance.
RESULTS
and PA rats. After 8 days, the mean urinary albumin excretion was unchanged in the controls, but in PA animals, it rose to 28.4 + 5.7 pg/min. The albumin excretion from the right ureter was similar in control and in PA animals (I .5 pg/min in control versus 1.0 pg/min in PA). Thus, most of the urinary albumin excreted by PA rats was contributed by the left kidney. The slightly increased right ureteral albumin excretion as compared to the basal albumin excretion measured in the 24-hr urine in both control and PA animals may be attributed to catheter damage to the ureter with resultant exudation of plasma. Albumin excretion from the left kidney was not measured because of insufficient volume of urine obtained. Serum albumin was significantly lower in PA animals (1.8 1 + 0.13 g/dl) as compared to controls (2.17 + 0.14 gm/dl; P < 0.05). Urinary sodium and potassium excretion before and after perfusion were not different in the two groups. Table 2 tabulates observations of individual kidney function. In the control rats, the left and right kidney function was similar in reference to GFR, RPF, filtration fraction, and absolute and fractional excretion of sodium. Absolute and fractional excretion of potassium was higher from the perfused kidney. The fractional excretion of Na is reported as UN.V/GFR, pEq/min. 100 pl GFR. In the PA animals, the overall GFR was almost one-half of that in the controls (810 versus 1529 pl/min.g kidney). GFR was also significantly decreased in the PA perfused side when compared to the right kidney of the same animal or to the difference in GFR between the two kidneys in the control group, both in the antidiuretic and the diuretic state. The absolute sodium excretion ( U N ,~) from PA perfused left kidney was significantly decreased as compared to the right side (P < 0.025). The UN,V from the nonperfused right kidney of PA animals (0.183 -+ 0.05 pEq/min) was twice that of the right kidney of the control animals (0.096 + 0.03 pEq/min). Despite a lower overall GFR in PA animals, the absolute sodium excretion of the PA animals was not different from that of the controls (0.234 pEq/min in PA versus 0.23 1 pEq/ rnin in controls). The fractional excretion of sodium and potassium was proportional to their filtered load in both kidneys of the PA animals. Renal plasma flow and filtration fraction were decreased in the PA perfused kidney when compared to the right kidney of the same animal. Table 3 illustrates the biochemical data. Thirteen days after perfusion, the urinary albumin was unchanged in controls, but in PA animals it rose to 50.3 k 7.9 pg/min and was higher than that observed 8 days after perfusion (28.4 + 5.7 pg/min). The albumin excretion from the right and left ureters similar in controls,
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the left kidney. However, the albumin excretion from the right Table 1 illustrates the clinical features of the group 1 rats. The ureter of PA animals was higher (5.6 f 2.3 pg/min) than in the urinary albumin excretion before perfusion was similar in control right ureter of controls (1.2 + 0.2 pg/min). This may represent some exposure of the nonperfused right kidney to the aminonucleoside which may have inadvertently reached there via the systemic circulation. There was no significant difference in the serum albumin, serum total protein, serum sodium and potassium, or hematocrit between these two groups. Table 4 tabulates observations of renal function of rats 13 days after perfusion. In the control rats. GFR. RPF. filtration fraction. and the absolute and fractional excretion of sodium were similar in the perfused and the nonperfused kidneys. Absolute excretion of potassium was higher from the perfused side. In the PA animals, the G F R of the left kidney was significantly decreased as compared to right kidney of the same animal and the difference in G F R between the two kidneys of control group. in the antidiuretic state. Absolute excretion of sodium and potassium was significantly decreased in the PA perfused left kidney as compared to the right. The mean UN,V from the right kidney of PA group (0.364 + 0.09 pEq/min) was almost twice that of the right kidney of the control animals (0.177 + 0.05 pEq/min). The fractional excretion of both sodium and potassium was equivalent in the left and right kidneys of the PA animals, and the difference in the absolute excretion of Na and K was relative to the filtered load. Despite a lower overall G F R ( 1 129 pl/min.g kidney PA versus 1920 pl/min .g kidney in controls), the absolute sodium excretion of the PA animals was equivalent to that of the controls. The filtration fraction of the PA perfused left kidney was decreased as compared to the right kidney of the same animal. Table 2 Rrght and left k r d n e~ functron of group I control and ammonucleosrde rats ' See text for derivation of P value.
' C. Control: PA. aminonucleoside perfused: NS. not significant
'' Data expressed as pl/min .g kidney, for two kidneys. 
DISCUSSION
This study demonstrates that unilateral renal perfusion with PA produced marked proteinuria only from the perfused side as documented by the measurement of ureteral albumin concentration from each side. This confirms the observation of Hoyer et al. (11) who in this animal model demonstrated a prompt fall in protein excretion to normal levels after removal of the perfused kidney. Previous studies in rats with aminonucleoside nephrosis have suggested that the proteinuria observed in this model is primarily of glomerular origin (3, 16, 23) . Bohrer et al. (3) using fractional clearance of uncharged dextran and polyanionic dextran sulfate, provided evidence that in rats with PA nephrosis there is no increase in effective pore radius or number of pores, but the proteinuria results from the diminution of the electrostatic barrier function of the glomerular capillary wall, thereby allowing increased passage of polyanions such as dextran sulfate and albumin.
We observed that rats with unilateral perfusion of PA did not show decrease in serum protein to the same extent as the rats who were given PA parenterally and who show comparable degree of proteinuria ( 1 1, 15) . However, the urinary albumin excretion of 50.3 f 7.9 pg/min was reached on the 13th day in our rats. whereas the rats with intravenous administration of PA showed urine protein excretion of 58.0 + 9.2 pg/min on the sixth day (15) .
A significant decrease in serum albumin in our study was observed only in group I PA animals, although the group I1 PA rats developed almost twice the amount of proteinuria. This suggests that in our rats, hypoproteinemia may be averted by increased albumin synthesis by the liver, with the stimulus of continued proteinuria (8) .
The data demonstrate that unilateral renal perfusion with saline with a kidney ischemia time of 15 min does not alter albumin excretion. GFR. RPF. filtration fraction. or absolute and fractional excretion of sodium from the perfused as compared to the nonperfused side (Tables 2 and 4 ). On the other hand. unilateral renal perfusion with PA results in a significant decrease in G F R of the perfused kidney (Tables 2 and 4) . No compensatory increase in G F R was present in the nonperfused kidney of the PA animal. Bohrer et al. (13) reported that the decrease in the total kidney G F R and single nephron G F R in the PA-treated Munich Wistar rats appeared to be primarily due to a fall in the glomerular capillary ultra filtration coefficient, and to a lesser extent. to a small reduction in glomerular plasma flow rate as well. The lack of a compensatory increase in G F R in the contralateral kidney of PA perfused animals is unexplained. It is possible that a small amount of PA leaked into the systemic circulation during the perfusion and caused changes in the filtration dynamics in the contralateral kidney, but this remains unproven. R P F was significantly decreased in the PA perfused kidney of group I rats as compared to the saline perfused kidney. Oken er ul. (23) , reported a decrease in renal cortical blood flow in PA injected rats, and Banks et al. (I) demonstrated a decrease in the ratio of outer to inner cortical blood flow 6 days after PA injection. Bohrer et al. (3) also found a reduction in glomerular plasma flow rate averaging about 20% in the PA-treated rats (3) .
The absolute excretion of sodium from the PA perfused kidney was decreased as compared to the nonperfused kidney in both group I and group I1 animals. This decrease was proportional to the decrease in the filtered load. It is noteworthy that the nonperfused right kidney of the PA animals had almost twice the mean absolute sodium excretion as the right kidney of the control animals (Tables 2 and 4) . Thus, the right kidney of PA animals demonstrates compensation for the decrease in absolute sodium excretion of the PA perfused left kidney. Hence. despite a decrease
